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M/M/1 ® p[]Hp[]B§&rµkY­tV²[£j]H±im]Ex3rsn]BxvtLkm]B] ® ptu.kmokmY[]t¹=]Exvtu]_il]Hxmhrsn]xvtLk] µ + εE(p(X(0)) °XY]tuqtgjilrsio¢kmY[]im]HnEouq ouxvj]Hxri\_pnvY \o=xm]rq=kxmrsnEtkm]kmY[]nEouxxm]HtkmrouqiBo¢kmY[]M~xmojn]7imi
(X(t))
~[t¹gt_¥=]Eg¤xou]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M/M/1 ® p[]Hp[]btuxm]xm]7nEtu ]HVr qÃ|~[~P]Eqjr £ï°
    &








































































= L(t) − L(t−) = Nλ([t, t + dt]) −
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ρ = λ/µ < 1
ª@kmYrinEouqjr kmrouq §&r &P]imtkmrsiz²]H¯~xmoLhrsj]HkYtLk
ε
riilpj©¤nEr ]Hq=k gMim\t5°bXY[] ® p[]Hp[]§&r kmYMkr \]E¦JLtxghr qVil]Hxmhrsn]xvtLk]tuij]²q[]HtuoL=]§&r P]xm]E¢Ý]Exxm]7MkotuikmY[]~P]Exmkmpxmtkm]7 ® p[]Hp[]uª[]Eq[oukm]H)ª)¢Ýoux#imY[ouxmkHª3gGw³¦Ep]Ep[]=°XY]nHtuim] ε = 0o=h3roupilg¤no=xmx]Him~o=q[iWkmokY[]e3¦FEp[]Ep[]=°
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ri[ouq[]tuib¢Ýo= oL§}iHª)~[xoL3rsj]7kYtLk&¢Ýo=x&oukmY ® p[]Ep]Hi«kmY]txxmrLt9~[xohnE]Hii«ri Nλ °



















0 < t+1 ≤ t
+
2 ≤ · · · ≤ t
+









P(t+1 ≥ x) = P(N
















M/M/1 & '' 
½  Á   ½  j¹ ½  ´]V[]Eq[oukm]¤hg
N−
kmY[]¤~Pourq3k_~[xojn]7imio=jktur q[]7­hg   '# 	¤kmY[]~Pourq3k«~xmojn]7imi
Nµ

















0 < t−1 ≤ t
−
2 ≤ · · · ≤ t
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= µ − ε0 inf{p
−(x) : x ∈ S} > λ,kY[]EqnE ]7tx gVkmY[]q3p\P]Ex|ou¢@npilkmo=\B]Hxi}o¢$kmY[]w³¦Ep]Ep[]rsi|nE]Exmktur q[gim\t ]Hx&kmYtqkmY]qhp[\P]Exou¢}npilkmo=\B]Hxio¢|tq
M/M/1 ® p[]Ep[]§&rµkY¯txxmrLt@xvtLk] λ tq¬im]ExhrnE]xtkm] µ0 °±^¨o=qil] ® p[]Eq3kmguª
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M/M/1 & '' 
 ]kpi¤]Hilkmr\tLk]MkmY[]G²xvizk¤k]Ex\ o¢kmY[]xmruY3km¦JYtuqilrsj]ou¢ ¶·=¸° Ä ® ptLkr o=q¶5=¸tqkmY[]Poupqj]H[q[]Hiio¢
p
uru]bkmYtk



































ε < t+2 , B̃














= P(t+1 < B̃






(B − B̃ε) | t+1 < B̃





= P(t+1 < B̃






ε} = {t+1 < B}
o=qVkY[]#]E=]Eq3k
{t+1 < B̃
ε < t+2 , B̃
ε < t−1 }
ªjkmY]Eq
P(t+1 < B̃
ε < t+2 , t
−
1 > B̃
ε) = P(t+1 < B) − P(t
+
1 < B̃
ε, t+2 < B̃
ε)−
P(t+1 < B̃
ε, t−1 < B̃
ε) + P(t+1 < B̃
ε, t+2 < B̃
ε, t+1 < B̃
ε)
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ε



































P(t−1 < B, t
+
1 ≤ B ≤ t
+
2 )
≤ KE (D([0, B])) P(t−1 < B, t
+
1 ≤ B ≤ t
+
2 ) = o(ε),hg  ]E\\tu°¨`qkmY[]#oukmY[]Hx&Ytq)ª
E
(∣∣∣B̃ε − B








































° G«gpilrq[¯Ä ® ptLkmrouq ¶53¸ª}§«]ou[ktrqkmY]j]7ilrxm]7x]Himp[ kH°
XY[]]7izkr \tkmrouq­o¢«kmY[]VxmruY3k#Ytq±imrsj]o¢Ä ® ptLkr o=qá¶·=¸b\t¹gGtu~[~P]Htx ® prµk]¤np[\_]Hximou\]u°-Õk}rsiY[oL§«]E=]Ex«§¨o=xlkYq[oukmrq[BkmYtk&kmY[]#]Hqh3rxouq[\]Eq3k
(X(t))
o¢kmY[]#w@¦Ep[]Hp[]r q3kxmojjpnE]Hi&j]H rsnEtkm][]E~P]Eqj]Hqn]7iEªh§&Y[rsnvYVYt¹u]}koP]Ytqj]HV§&rµkYnHtx]u°$XY[rsi¨rsi¨§&Y3g=ªh§¨]bYt¹u]nvY[o=im]Eqko_]E£j~[ rsnr kmg§&xr km]kmY]~[x]Hnrsim]il]Eklkmrq[¤rq§&Y[rsnvYkmY[]ilkmxouqaGtx¥uoL¤~[xou~P]Exmkzg¤rsi}pim]Hko¤u]Ek&kmY[]#²xilk}ouxvj]Exk]Ex\° -ùqVkY[]¢Ýou oL§&rq[ª[ilr\r stx}tuxm=p[\]Eq3ki«§&r ïq[ouk}]#]E£j~[ rsnr kmg¤¢Ýo=xm\_p[stLkm]7ï°
+    ½ ¯j  ½ ÂÂ ½ 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ejp[~[~Po=im]BqoL§ kmYtLk#kmY]Ex]Brsi#o=q[ gGouq[]\tx¥u]7Gj]H~txmkmp[x]uªr5° ]u°¤tj]H~txmkmp[x]o¢¨kmY[]Ve3¦FEp[]Hp[]rinHtqnE]E]HV¢ÝouxkY[]w³¦Ep]Ep[]=ªtqq[otujrµkr o=qthyzp\B~i}jp[xr q_kY[]#[pimg¤~P]Exr ojo¢.kmY[]e3¦FEp[]Hp[]u°
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§&YrnvYVnEourqnrsj]7iW§&r kmY¤Ä ® ptLkmrouq±¶·u¸E° -ùqkmY]|¢Ýo= oL§&r qil]7nkr o=q)ª=§«]|rqhu]7izkr 3tLkm]}kmY[]il]7no=qouxvj]Exk]Ex\ tqimY[oL§ákYtLk&kY[]{|ej{(tu~[~[xo¹£hr\tLkr o=qVrsiq[o\Bo=xm]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1 + BL(t+1 )−1










1 ≤ B, B ≤ t
+
1 ≤ B + B1},tG\tx¥u]H j]E~tuxlkp[x]VojnEnEp[xiBtq tqokmY]Exj]E~tuxlkp[x]Vrsi_t=[j]H ]E¢Ýoux]VkY[]nou\~[]kr o=q ou¢}kmY[]pilgG~]HxmrojGou¢WkmY]w³¦ ® p[]Hp[]uª§&Y[]Ex] B1 j]Hq[ok]HibkmY][p[xtkmrouq±o¢¨kmY[]tujrµkr o=qt³pilgG~]Hxmroj[p[]kmoBkmY]ilp[~~[xm]7imim]Hj]H~txmkmp[x]u°$º.r qt g=ª[ouqkmY[]#]Hu]Hq=k
A− = {t
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= E (B2) P
(




1 + BL(t+1 )−1
, t−1 ≥ t
+
1 + BL(t+1 )−1
)
+ E (B1) P
(




1 + BL(t+1 )−1
, t−1 ≥ t
+









= (E (B2) − E (B1)) P
(
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1 + BL(t+1 )−1
) 8
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[si−1 + Ei, si]
ªh¢Ýoux&ilo=\]










































































´±]&kmpxmqq[oL§ kmokmY]}]£j~tuqilrouqBo¢PkmY] ® ptq3kmr kzg P(t+1 ≤ B) ª=§&Y[rsnvYri@o¢ïnoupxim]«t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1 + BL(t+1 )−1
)
°³XY[rsi«km]Hxm\ rsi«\oux][]ErnHtLkm]bko]£j~tqïªj]7nEtupil]ou¢kmY]ilp[~~[xm]7imim]Hj]H~txmkmp[x]u°
¨½  ¯    C 
'#  




1 + BL(t+1 )−1
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t−1
Yt=i|koojnHnp[xbr q±ilo=\]Bimp[j¦Õ[pimgM~]Hxmroj




1 ≤ i ≤ H
°Ã¡ r klk ]kY[oupuY3k_imY[oL§kYtLk_rµ¢




[si−1 + Ei, B]
¢Ýo=xWkY[]]Hu]Hq=k










[si−1 + Ei, si]
tq











































































   Á WÁ · Á     ' K 'F
ε2




 :  C6 
ε > 0







































   Á WÁ · Á    C K '1
ε2




   '
 
ε > 0


































(N, D1, . . . , DN)
O 
(N ′, D′1, . . . , D
′
N ′)
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= E (B′1) P
(
t−1 ≤ B, B ≤ t
+
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− E (B′1) P
(
t−1 ≤ B, B ≤ t
+











































































































= E (B1) P
(












+ E (B′1) P
(
t−1 ≤ B, B ≤ t
−
2 ≤ B + B1
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t−1 ≤ B, B < t
−


















(N, D1, . . . , DN )
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= δ1ε + δ2ε
2 + o(ε2)
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M/M/1 ® p[]Hp[]§&rµkYil]Hxmhrsn]bxtkm] µ + εEν(p(X(0))) °






























'   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Cp(u) = Eν [p(X(0))p(X(u))] − Eν [p(X(0))]
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Cp(x) = Var[p(X(0))] e
−αx, x ≥ 0,
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P (B ≥ u) du.
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= δ1ε + δ2ε
2 + o(ε2)
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(N, D1, . . . , DN )
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u ≥ 0 
Cp(u) = Eν (p(X(0))p(X(u))) − Eν (p(X(0)))
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Cp(x) = Var[p(X(0))] e
−αx, x ≥ 0,
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p(X(u)) du ∼ (µ + εEν(p(X(0))))h
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E(B̃ε − B) =
Eν (p(X(0)))
(µ − λ)2
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(Di, 1 ≤ i ≤ N)
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(A2, . . . , AN )
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1 + ρ + µ−1ξ −
√

















































D = D1 + D2 + · · · + DN
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E(Nσ(Nσ − 1)) = 2ρ
2.
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